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ABSTRACT 


T  j  drag  and  stability  characteristics  of  single 
and  clustered  solid  flat  and  ringslot  parachutes  as  cargo 
extraction  systems  in  the  wake  of  a  model  of  the  Caribou 
airplane  with  windmilling  and  powered  propellers  are  re¬ 
ported.  The  investigation  also  includes  the  effect  of 
actuated  wing  trailing  flaps ,  and  the  variation  of  the  para 
chute  performance  parameters  in  midair  and  near  the  ground. 
It  was  found  that  in  all  cases  the  drag  coefficient  of  the 
cluster  decreases  with  the  increased  number  of  canopies  in 
the  cluster,  and  a  single  ringslot  parachute  is  more  stable 
than  the  most  stable  cluster  of  solid  flat  canopies.  The 
effects  of  the  powered  propeller  slipstream  and  flap 
actuation  are  noticeable  but  not  dominating.  Also,  wake 
surveys  of  the  airplane  showed  characteristic  dynamic  pres¬ 
sure  defects  or  increases  for  power  off  or  on  flight- 
conditions.  The  location  of  these  pressure  fields  was 
noticeably  influenced  by  flap  actuation  and  ground  effects. 


This  abstract  has  been  approved  for  public  release  and  sale 
its  distribution  is  unlimited. 
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I.  INTRODUCTION 


In  conventional  air  cargo  delivery  systems,  either 
a  single  or  a  cluster  of  parachutes  exert  their  force  upon 
an  extraction  line  which,  in  turn,  moves  the  cargo  platform 
out  of  the  airplane  and  then  deploys  the  main  parachutes. 

The  general  behavior  of  this  parachute  extraction  system  in 
the  wake  of  an  unpowered  airplane  model  has  been  investigated 
previously  (Ref  1).  In  the  following  study  certain  parachute 
performance  characteristics  of  the  extraction  system  have 
been  investigated  in  the  wake  of  the  same  airplane  model 
but  with  windmilling  or  powered  propellers,  with  wing  trailing 
flaps  in  normal  and  deflected  positions,  and  with  or  without 
ground  effects.  As  substantiation  of  the  expected  findings, 
the  pressure  distribution  in  the  wake  of  the  powered  and  un¬ 
powered  airplane  models  was  measured. 

In  particular,  the  following  experiments  have  been 

performed: 

1)  Measurement  of  the  steady  state  drag 
coefficients  for  single  and  clustereu  para¬ 
chutes  of  up  to  four  canopies  in  the  wake 
of  the  aircraft. 

2)  Study  of  stability  characteristics  of 
single  and  clustered  parachutes  in  the 
airplane  wake. 

3)  Measurement  of  the  pressure  distribution 

of  the  powered  and  unpowered  airplane  models 
in  three  different  planes  in  the  wake. 

All  experiments  involving  parachutes  were  carried 
out  with  models  of  circular  solid  flat  and  circular  flat 
rings!©-  parachutes. 


II.  MODELS 


Except  for  some  modifications,  the  models  and  the 
equipment  used  in  these  studies  were  the  same  as  those  used 
In  Ref  1.  However,  for  orientation  purposes  the  main  model 
characteristics  shall  be  repeated. 


The  model  parachutes  were  made  as  flexible  as 
standard  parachute  material  and  conventional  fabrication 
methods  permit.  Furthermore,  the  models  were  as  large  as 
possible  in  view  of  acceptable  wind  tunnel  blockage  effects 
tfnder  consideration  of  the  various  circumstances,  parachute 
models  with  a  nominal  diameter  of  about  l6  in.  and  a  model 
aircraft  with  a  6  ft  wingspan  were  then  selected.  These 
dimensions  correspond  to  a  scale  factor  of  l/io. 


Parachute  Models 


Figure  1  shows  gore  patterns  for  both  circular 
flat  ringslot  parachutes  and  circular  solid  flat  parachutes 

1.  Ringslot  Parechutes 

The  flat  ringslot  parachute  models  simulated  the 
standard  22  ft  diameter,  28  gore  ringslot  extraction  para¬ 
chutes.  The  models  were  fabricated  with  the  constructed 
diameter  shown  in  Fig  la,  yielding  a  nominal  diameter.  Do, 
of  16.0  in.  and  a  calculated  total  porosity  of  approxi¬ 
mately  12.7$. 


2.  Solid  Flat  Parachutes 


The  circular  solid  flat  models  were  scaled  from  an 
assumed  solid  flat  parachute  which  has  the  same  drag  area  as 
the  standard  22  ft  diameter  ringslot  parachute.  The  nominal 
diameter  of  this  prototype  parachute  amounted  to  18.2  ft. 
Thus,  the  models  were  fabricated  as  shown  (Fig  lb)  having  a 
nominal  diameter  of  13. 65  in.  The  drag  coefficients  used 
in  the  computation  amounted  tc  Cd0  =  0.55  and  Cp0  =  0.75  for 
the  ringslot  and  solid  flat  parachutes,  respectively.  The 
28  gore  solid  flat  models  were  constructed  of  1.1  oz  standard 
parachute  nylon  cloth  with  an  air  permeability  of  90-120 
ft 3/ft 2 -min. 


Extraction  Line  and  Risers 


The  single  extraction  parachute  and  the  clusters 
are,  in  full  size,  equipped  witn  a  60  ft  extraction  line  to 
which  each  parachute  is  connected  by  means  of  a  5  ft  riser. 
Scaling  these  lengths  gave  model  lines  of  45  in.  and  3.75  in 
respectively  (Fig  2) . 


B.  Aircraft  Models 

For  the  studies  in  Ref  1,  the  de  Haviliand  DHC-4 
Caribou  was  chosen  as  a  typical  aircraft,  and  the  de  Haviliand 
Aircraft  Company  of  Canada,  Ltd.,  provided  the  dimensions 
according  to  which  the  1/16  model  had  been  constructed. 

Figure  j  shows  a  schematic  drawing  of  the  Caribou  with  model 
dimensions. 

For  the  purpose  of  this  newer  study,  the  existing 
Caribou  model  with  0°  flap  deflection  was  modified  to 
simulate  15°  deflection  of  the  root  and  inboard  flaps.  The 
location  of  the  root  and  inboard  sets  of  the  double-slotted 
Fowler  flaps  is  shown  in  Fig  4,  while  Fig  5  shows  schemati¬ 
cally  the  cross  section  of  the  flaps,  including  hinge  point 
locations,  at  deflections  of  0°  and  15°.  The  flaps  of  the 
finished  model  are  pj.c cured  in  Fig  6.  These  deflected  flaps 
were  installed  such  that  they  can  be  removed  and  0°  flaps 
reinstalled. 

To  simulate  the  wake  of  a  powered  aircraft, 
appropriate  power  plants  had  to  be  installed  so  that  the 
propellers  could  produce  the  proper  amount  of  thrust. 

The  flight  conditions  of  the  parachute  actuation 

are: 

1)  Full  pitch  propellers  (A3/4  -  20°) 

2)  Airspeed  =  130  knots 

3)  Propeller  rpm  =  115C-L230. 

Corresponding  to  these  conditions,  the  Hamilton 
Standard  Company,  Windsor  Locks,  Connecticut,  provided  a 
value  for  thrust  generated  by  each  propeller,  amounting  to 
T  =  1910  lb. 

As  criteria  for  the  scaling  of  the  powered  propeller, 
it  v/as  postulated  that  the  ratios  of  the  dynamic  pressure  in 
the  propeller  slipstream  to  the  freestream  dynamic  pressure 
for  the  model  and  the  prototype  are  identical,  (qs/qeo)m  ~ 
(qs/QcD  )f  (Ref  2). 

Explicitly  this  may  be  written  as 
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which  represents  an  equation  of  thrust  coefficients,  Tc.  Based 
on  information  from  the  propeller  manufacturer,  the  coefficient 
amounted  to  Tc  -  1.245  for  1200  rpm.  With  the  chosen  model 
scale  and  the  wind  tunnel  velocity,  the  necessary  thrust  for 
the  model  was  found  to  be  im  =  1.32  lb  which  satisfies  the 
equation  and  air  speed  specified  above. 


P*  IS? 


Prom  wind  tunnel  experiments,  a  motor  was  selected 
which  provided  this  thrust  yet  was  small  enough  to  fit  the 
airplane  model  geometry.  Such  a  motor  was  obtained  from 
Kearfott  Division  of  General  Precision,  Inc.,  with  400  cycles, 
3  phase  electric  input,  up  to  11,000  rpm,  and  3/4  HP.  This 
motor  is  shown  in  Pig  J. 
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III. 


EXPERIMENTAL  APPARATUS 


All  of  the  extraction  parachute  tests  were 
performed  with  the  airplane  model,  along  with  the  plane 
which  simulates  the  ground,  installed  in  the  open  test 
section  of  the  subsonic  horizontal  return  wind  tunnel  of 
the  University  of  Minnesota  (Fig  8). 

Two  movie  cameras  were  used  to  record  the  behavior 
of  the  parachutes.  One  camera  was  placed  alongside  the  open 
section  of  the  tunnel  to  obtain  a  view  normal  to  the  free- 
stream,  wnile  the  second  camera,  placed  inside  the  tunnel, 
took  pictures  from  downstream  toward  the  test  section.  The 
camera  locations  are  shown  in  Fig  8. 

A  force  balance,  to  which  the  extraction  line  was 
fastened,  consisted  of  a  standard  strain  gage  bridge  affixed 
to  a  cantilever  beam.  The  bridge  output  was  amplified  and 
recorded  by  means  of  an  oscillograph.  The  force  balance  was 
located  at  the  mean  center  of  gravity  of  the  airplane. 

The  rate  of  revolution  of  the  propeller  motors 
could  be  regulated  by  means  of  a  varying  voltage  input  which 
was  drawn  from  a  400  cycle,  3  phase  generato’*  with  a  total 
capacity  of  2.5  kilowatts.  Propellers,  motors  and  generator 
worked  satisfactorily  throughout  the  testing  period. 


IV.  EXPERIMENTAL  PROCEDURE 


The  airplcoie  model  was  suspended  in  the  wind  tunnel 
in  two  different  ways,  once  for  the  adjustment  of  the  proper 
propeller  thrust  and  also  for  the  measurement  of  the  para¬ 
chute  force. 

The  proper  propeller  thrust  was  defined  as  the  one 
which  equaled  the  drag  of  the  airplane  at  the  particular  wind 
tunnel  speed.  This  could  be  achieved  by  regulating  the 
electric  input  to  the  motors.  For  the  determination  of  these 
power  conditions,  the  airplane  model  was  suspended  by  means 
of  a  vertical  strut  to  the  ceiling  of  the  wind  tunnex  test 
section.  Between  ceiling  and  strut  a  strain  gage  was  arranged 
which  measured  the  resultant  force  between  model  and  wind 
tunnel,  and  for  the  proper  power  or  thrust  setting  this 
balance  had  to  show  a  zero-resultant  force.  Since  the  thrust 
was  adjusted  to  balance  the  drag,  the  measurement  of  the 
absolute  thrust  output  was  not  necessary.  From  measurements 
of  the  thrust  produced  by  the  motor  and  model  propeller  as  a 
unit,  the  thrust  per  propeller  amounted  to  approximately 
1.3  lbs. 


After  completion  of  these  measurements,  the  airplane 
was  securely  fastened  to  the  wind  tunnel  structure  by  means 
of  the  vertical  strut,  now  with  inactive  strain  gage,  and  by 
fastening  the  wing  tips  to  the  side  walls  of  the  wind  tunnel 
test  section.  Under  these  conditions  the  parachute  force  was 
then  applied  to  the  centrally  located  internal  strain  gage. 

The  results  of  these  measurements  then  represent  the  para¬ 
chute  forces  under  the  given  conditions  of  power  and  flap 
setting.  The  suspension  of  the  airplane  model  in  the  wind 
tunnel  is  illustrated  in  Fig  9. 

To  simulate  the  ground  effect,  a  plywood  sheet  was 
installed  in  the  test  section  of  the  tunnel  at  various 
distances,  h,  from  the  airplane  centerline.  The  open  section 
arrangement  is  shown  schematically  in  Fig  10.  The  plywood 
was  removed  for  simulation  of  f reef light  conditions,  h/D0  =®  . 

When  installed,  the  ground  plane  extended  one  mean 
aerodynamic  chord  ahead  of  the  leading  edge  of  the  wing,  and 
1-5  nomine,,  parachute  diameters  downstream  from  the  vent 
position  of  a  fully  inflated  parachute. 

The  actual  test  conditions  are  shown  in  ’able  I 
which  also  gives  the  various  parachute  configurations.  In 
order  to  record  the  stability  characteristics  of  the  para¬ 
chute  configurations  under  the  different  flight  conditions, 
film  recordings  were  made  in  the  two  main  directions  for  the 
duration  of  7  to  10  sec  during  each  run.  The  indicated  results 
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are  average  values  obtained  from  oscillograph  recordings 
covering  the  same  period.  Since  the  single  and  the  clustered 
parachutes  moved  very  rapidly  at  random,  this  time  was  suffi¬ 
cient  to  establish  average  values  with  satisfactory  accuracy. 

To  obtain  the  degree  of  stability  and  the  attitudes 
of  the  parachutes  from  the  movies,  the  angle  in  the  vertical 
plane  swept  out  by  the  extraction  line  during  a  7  to  10  sec 
period  wa^  measured  with  respect  to  the  freestream  direction. 
From  downstream  the  movies  give  the  area,  perpendicular  to 
the  freestream,  swept  out  by  the,  cluster  confluence  point. 
Also,  for  the  ringslot  configurations,  the  angle  with  free¬ 
stream  (attitude),  at  which  the  extraction  line  would  most 
probably  be  found  at  any  time,  could  be  determined;  hence, 
an  angle  of  attack  was  defined.  Measurement  of  the  steady 
state  drag  (D)  was  taken  during  the  same  7-10  sec  period. 
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V.  RESULTS 


The  results  of  the  measurements  are  presented  as 
average  drag  coefficients  and  the  stability  charactereristics 
of  the  various  configurations  under  the  different  flight 
conditions. 

The  drag  coefficients  are  derived  according  to 
the  relationship 
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The  stability  characteristics  are  presented  in 
terms  of  deflection  angles,  J6\  and  #2 *  of  the  extinction  line 
from  the  horizontal  direction,  an  average  angle  of  attack,0C  , 
of  this  line  when  the  extraction  system  was  fairly  steady, 
and  in  boundary  lines  of  the  planes  which  encompass  all 
observed  positions  of  the  confluence  point  of  the  short 
parachute  risers.  Schematically,  these  characteristics 
are  illustrated  in  Figs  2,  11,  16  and  17  through  4l. 

In  detail,  the  findings  can  be  summarized  as 

follows . 


A.  Steady  State  Drag  Coefficients 

The  steady  state  drag  coefficients,  Cdq,  for 
various  configurations  are  presented  in  Tables  II  and  III. 
From  these  values,  ratios  were  formed  (Figs  12  through  l4) 
whose  significant  characteristics  indicated  the  following: 

1)  Solid  flat  parachute  drag  coefficients  behind 
the  powered  aircraft  model  are  smaller  near 
the  ground  than  in  freestream.  Behind  the 
unpowered  model,  the  drag  coefficients  are 
larger  near  the  ground  than  in  freestream. 

2)  In  general,  none  of  the  three  variables, 

I.e.,  flap  setting,  ground  effects,  or  powered 
propellers,  appeared  to  influence  the  drag 
coefficient  of  the  ringslot  configurations. 

3)  Furthermore,  as  power  is  applied,  the  drag 
magnitude  of  ringslot  clusters  fluctuates 
considerably  more  than  without  power.  The 
drag-time  bShavior  of  a  cluster  with  three 
ringslot  parachutes  is  illustrated  in  Fig  15. 
Solid  cloth  parachutes  are  less  affected. 


B. 


Parachute  Cluster  Attitude  and  Stabilit; 


As  wou?.d  be  expected,  the  solid  flat  and  ringslot 
parachutes  have  markedly  different  stability  characteristics. 
The  solid  flat  configurations  were  quite  unstable,  and  the 
extraction  line  was  in  a  constant  coning  motion  (Pig  2)  with 
relatively  large  amplitudes.  The  extraction  line  of  ringslot 
clusters  performs  a  slight  circular  or  coning  motion  about  an 
average  attitude  or  position. 

Table  II  gives  the  maximum  angle  of  the  extraction 
line  of  the  single  and  clustered  solid  flat  parachutes  above 
and  below  the  freestream  direction,  which  were  observed  during 
the  7  to  10  sec  test  period. 

The  same  boundary  line  positions  are  given  in 
Table  III  for  the  ringslot  configurations.  Since  these 
parachutes  are  much  more  stable,  their  extraction  line  tends 
to  oscillate  through  a  relatively  small  range  of  angle  of 
attack,  and  the  line  deviates  only  occasionally  to  the  limits 
given  by  and  02*  The  angle  of  deviation  from  the  so-called 
angle  of  attack  OC  is  given  as  +  ACC  in  Table  III. 

A  graphical  presentation  cf  the  extraction  line 
deflection  is  given  in  Pigs  1.6  and  17  for  the  solid  flat  and 
ringslot  configurations,  respectively.  Comparing  both 
figures,  one  notices  that  the  single  solid  flab  parachute  is 
the  most  unstable  configuration,  and  that  a  single  ringslot 
parachute  is  more  stable  than  the  most  stable  cluster  of  four 
solid  flat  canopies. 

The  extraction  line  of  all  solid  flat  configurations 
rubbed  on  the  cargo  ramp  and  frame  of  the  cargo  door.  This 
contact  occurred  under  all  test  conditions,  hence  the 
extraction  line  practically  never  formed  a  straight  line. 

Figure  17  illustrates  also  the  definition  of 
angle  of  attack  of  the  extraction  line,  OC  ,  the  average 
deflection  angle  +A0C  and  the  maximum  observed  deflection. 

The  camera  located  downstream  of  the  airplane  model 
also  provided  interesting  views  of  the  parachute  movements. 
These  recordings  have  been  evaluated  and  are  schematically 
presented  in  Figs  18  through  4l.  As  stated  before,  the  curves 
are  boundaries  of  planes  in  which  the  confluence  points  of 
the  single  or  clustered  canopies  may  be  located. 

Reviewing  these  figures  one  notices  again  the 
frequently  stated  differences  in  stability  behavior  of  the 
various  configurations.  New  in  appearance  and  very  pro¬ 
nounced  in  these  figures  is  the  ground  influence,  particularly 
upon  the  less  stable  solid  flat  parachute  configurations. 

In  addition  to  the  results  shown  in  the  graphical 
presentations,  the  following  observations  appear  to  be 
important  enough  to  be  mentioned. 
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The  single  and  the  clustered  solid  flat  parachute 
configurations  move  over  the  indicated  swept  area  relatively 
fast  and  erratically.  This  behavior  does  not  appear  to  be 
influenced  by  the  conditions  of  power-on  or  -off,  or  flap 
deflection.  If  such  an  influence  existed,  the  motion  of  the 
parachute  configurations  was  too  erratic  to  recognize  these 
trends. 


It  is  also  interesting  to  note  that  the  upper 
extreme  positions  of  the  ixtraction  line  do  not  change  due 
to  ground  influence. 

In  the  experiments  with  the  rings lot  configurations, 
one  of  the  most  interesting  observations  was  that  under 
power-on  conditions  the  configurations  display  more  motion 
than  without  powered  propellers.  This  is  particularly 
pronounced  in  the  behavior  of  a  single  ringslot  parachute. 
Also,  the  position  of  the  Individual  canopies  with  respect 
to  each  other  is  more  unsteady  under  power-on  conditions. 

Finally,  one  canopy  in  a  cluster  of  three  or  four 
ringslot  parachutes  behind  the  powered  model  occasionally 
rotated  about  its  centerline  and  the  suspension  lines  of  this 
parachute  wrapped  around  each  other  beginning  at  the  canopy 
confluence  point.  It  was  noted  that  if  this  happened,  the 
drag  area  of  that  cluster  was  markedly  reduced.  This  rotation 
was  not  observed  with  the  unpowered  model.  In  this  report 
no  data  are  presented  which  include  a  drag  area  reduction 
because  of  twisted  suspension  lines. 


VI.  WAKE  SURVEYS 


A.  Introduction 


The  flow  conditions  of  the  region  in  which  para¬ 
chutes  deploy  end  inflate  influence  significantly  the  para¬ 
chute  perfoxmance  characteristics  such  as  snatch  force, 
opening  shock,  drag,  and  stability  behavior.  Numerical 
information  concerning  these  facts  is  given  in  Ref  1,  and 
the  ratio  of  the  drag  coefficients  of  parachutes  deployed 
in  the  wake  of  a  powered  or  unpowered  airplane  model  given 
in  the  preceding  chapters,  reflects  again  the  difference  in 
flow  conditions  at  the  region  of  parachute  functioning.  As 
indicated,  the  drag  area  of  single  and  clustered  parachutes 
may  vary  as  much  as  20$  depending  on  the  flight  condition  of 
the  airplane.  Knowing  this  difference  of  the  developed  drag, 
it  is  of  interest  to  investigate  the  variation  of  the  velocity 
or  pressure  distribution  in  the  wake  of  the  aircraft  under 
consideration  of  powered  or  unpowered  flight  as  well  as  the 
position  of  the  inboai'd  wing  flaps  and  freestream  or  near 
ground  flight  conditions.  Motivated  by  these  circumstances, 
pressure  surveys  were  made  in  vertical  planes  perpendicular 
to  the  longitudinal  axis  of  the  aircraft  at  three  stations 
downstream  from  its  aft  end.  The  experiments  included 
powered  and  unpowered  flight  conditions,  deflected  and  non- 
deflecced  flaps  as  well  as  freestream  and  ground  effects. 

The  configurations  which  were  studied  are  shown  in  Table  IV. 
The  study  of  all  possible  eonf igurations  under  power-off 
and  power-on  conditions  represent  an  effort  which  exceeds 
the  possibilities  of  this  project.  Therefore,  the  investi¬ 
gation  in  powered  flight  was  primarily  concerned  with  the 
flow  condition  of  the  plane  immediately  adjacent  to  the 
aircraft  and  in  the  plane  which  encompasses  the  inlet  area 
of  the  inflated  parachute  with  fully  extended  extraction  line.. 


B.  Models 


From  earlier  investigations  (Ref  1)  which  were 
concerned  with  the  flow  condition  behind  the  airplane  with 
windmilling  propellers,  a  model  of  the  de  Havilland  Caribou 
airplane,  scale  1/4-8,  (Fig  42)  was  available  and  has  been  used 
in  these  newer  studies.  Also,  some  of  the  information  in 
Ref  1  hue  been  utilized  in  the  composition  of  the  following 
presentation. 

A  new  aspect  introduced  in  this  study  is  the  effect 
of  the  inboard  wing  flaps  in  normal  and  deflected  positions 
(Fig  43).  For  all  power-off  conditions,  this  1/48  scale 
model  with  flaps  has  been  used.  In  the  flap  actuated  con¬ 
figurations,  the  flaps  were  deflected  15°  with  respect  to 
the  root  chord  line  (Fig  5). 
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A  further  objective  was  a  study  of  the  power 
effect.  For  this  purpose,  the  Caribou  model  described  in 
Pigs  3  through  6  with  electric  motors,  propellers  and 
adjustable  flaps  was  used.  As  in  the  previous  case,  the 
thrust  of  the  propellers  balanced  the  drag  of  the  airplane, 
and  was  the  basic  condition  of  the  simulated  powered  flight. 
The  configurations  in  which  this  1/lS  scale  model  with  power 
was  used  are  shown  in  Table  IV. 

The  smaller  1/48  scale  model  was  suspended  in  the 
closed,  high  speed  section  of  the  wind  tunnel  whereas  the 
larger  powered  model  was  arranged  In  the  lower  speed  open 
section  of  the  same  wind  tunnel  (Fig  44a,  b).  In  order  to 
assure  the  validity  of  comparison  of  the  measurements  per- 
fomed  in  the  two  wind  tunnel  sections,  spot  checks  of  the 
pressure  distribution  obtained  in  both  sections  were  made, 
and  they  showed  satisfactory  agreement. 

For  the  pressure  measurements  in  the  closed  section, 
a  total  and  static  pressure  rake  with  49  sensing  elements  was 
used.  The  rake  is  shown  in  Fig  45.  It  will  be  noted  that 
the  pressure  tubes  are  arranged  in  one  plane.  The  rake  was 
positioned  as  shown  in  Fig  46  at  Stations  1,  2,  and  3*  The 
plane  of  the  rake  was  arranged  horizontally  at  five  different 
vertical  distances  centered  about  the  longitudinal  axis  of 
the  airplane.  The  plane  at  Station  3  coincides  with  the 
plane  of  the  parachute  inlet.  The  distance  of  the  most  out¬ 
wardly  located  horizontal  survey  plane  is  equal  or  greater 
than  the  projected  diameter  of  the  inflated  parachute.  The 
model  parachute  inlet  area  location  corresponds  to  the  inlet 
area  of  a  full  size  single  parachute  with  a  60  ft  extraction 
line. 

On  the  powered  model.  Stations  1  and  3  were 
surveyed  with  a  similar  pressure  rake  system.  However,  the 
pressure  pick-up  tubes  were  spaced  farther  apart  correspond¬ 
ing  to  the  larger  airplane  model. 


C.  Experiments 

The  smaller  model,  in  the  closed  section  of  the 
wind  tunnel,  was  exposed  to  a  wind  velocity  of  140  fps. 
This  corresponds  to  a  Reynolds  number  of  Re  =  2.06  x  10^ 
based  on  the  chord  length  at  the  root  of  the  wing.  In 
open  section,  the  wind  velocity  was  90  fps  yielding,  wiui 
the  larger  model,  a  Reynolds  number  of  4.18  x  105,  also 
based  on  the  root  chord  length  of  the  wing.  Figure  44b 
shows  the  suspension  of  this  airplane  in  the  open  test 
section. 
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The  pressure  measurements  provided  a  network  of 
points  showing  the  dynamic  pressure  at  the  plane  under 
investigation.  Into  these  pressure  fields  lines  connecting 
the  points  of  equal  pressure,  isobars,  were  drawn  which  in 
their  entity  show  the  distribution  of  the  dynamic  pressure 
in  the  plane.  This  technique  is  illustrated  in  Pig  47. 


D.  Results 


The  results  of  these  experiments,  using  the 
evaluation  technique  described  above,  are  shorn  in  Figs  48 
to  59-  These  indicate  the  dynamic  pressure  distribution  in 
the  wake  of  the  airplane  in  vertical  planes  at  Stations  1, 

2,  and  3*  Inspecting  these  figures,  one  notices  the  effects 
of  powered  propellers,  deflected  flaps  and  the  influence  of 
the  ground.  Details  of  the  most  interesting  findings  are 
discussed  later. 

In  view  of  the  functioning  of  the  parachutes,  the 
flow  conditions  behind  the  airplane  longitudinal  axis,  X, 
and  behind  the  axis  of  rotation,  X ' ,  of  the  windmilling  or 
powered  propellers  are  of  particular  interest  (Fig  60) . 
Therefore,  Figs  48  through  59  were  re-evaluated  in  order 
to  show  the  dynamic  pressure  in  the  vertical  planes  along 
the  airplane  axes  X  and  X'.  Figures  6l  through  64  illustrate 
this  evaluation.  One  recognizes  from  the  position,  course, 
and  slope  of  the  isobars,  the  effect  of  the  various  flight 
conditions . 

In  particular.  Fig  6l  indicates  that  the  propeller 
slipstream  extends  into  the  central  region  of  the  aircraft 
raising  the  dynamic  pressure  by  approximately  10$  when  the 
flight  condition  changes  from  windmilling  to  powered  propeller. 
The  slipstream  effect  is  even  more  pronounced  directly  behind 
the  propeller.  In  this  case,  the  dynamic  pressure  increases 
in  the  plane  at  Station  3  by  almost  50$  when  the  propeller 
is  changed  from  windmilling  to  powered  conditions .  Details 
of  the  flow  in  the  plane  of  X'  are  shown  in  Fig  62. 

An  evaluation  of  Figs  48  through  59  shows  that 
flap  deflection  and  near  ground  nonpowered  flight  do  not 
alter  significantly  the  dynamic  pressure  distribution  in 
the  vertical  plane  along  the  longitudinal  airplane  axis  X. 

Directly  behind  the  propeller,  in  the  plane 
containing  axis  X',  a  flap  deflection  displaces,  in  free- 
stream,  the  isobars  significantly  as  a  comparison  of  Figs  62 
and  63  indicates.  This  downward  stream  deflection  is  reduced 
when  the  airplane  flies  near  the  ground  (Fig  64). 


13 


VII.  CONCLUSIONS 


Reviewing  the  behavior  of  the  single  and  clustered 
parachutes  as  summarized  in  Section  V.A  in  o.ight  of  the 
wake  survey  results,  one  may  identify  the  following  trends. 

Solid  flat  parachutes  oscillated  behind  the 
powered  and  unpowered  aircraft  model  in  a  random  manner  with 
large  amplitudes  and  varying  frequencies,  and  only  general 
tendencies  concerning  the  drag  coefficients  of  these  para¬ 
chute  combinations  have  been  indicated.  The  wake  surveys 
were  not  extensive  enough  to  yield  explanation  of  the 
observed  general  characteristics . 

With  the  unpowered  airplane  model,  the  single  and 
clustered  ringslot  parachutes  remained  in  a  relatively  small 
area  surrounding  the  long* tudinal  airplane  axis,  X,  regard¬ 
less  of  flap  setting  and  distance  from  the  ground.  The  wake 
survey  indicated  that  the  pressure  distribution  in  this  area 
was  affected  very  little  by  the  airplane  configuration  and 
ground  proximity.  This  finding  explains  the  consistent 
behavior  of  the  ringslot  parachutes  behind  the  unpowered 
aircraft. 

With  the  powered  airplane,  the  ringslot  parachutes 
showed  comparatively  stronger  fluctuation  of  the  parachute 
force,  and  in  some  cases,  larger  oscillation  amplitudes  and 
higher  frequency  under  the  various  powered  flight  conditions. 
The  wake  survey  indicated  that  the  pressure  distribution 
close  to  the  central  axis,  X,  was  changed  very  slightly  by 
the  power  effect,  hut  that  the  area  into  which  the  parachute 
rims  extend,  showed  fields  of  increased  velocity.  This 
probably  causes  the  change  of  the  parachute  behavior. 
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Fig  57.  Dynamic  Pressure  Distribution  of  Caribou  Airplane  Model 
at  Station  3  in  Frees tream,  Unpowered  and  Flaps  Down 
Conditions 
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TEST  PROGRAM  FOR  STUDY  OF  DRAG  AND  STABILITY 
CHARACTERISTICS  OF  EXTRACTION  PARACHUTE  SYSTEMS 
(Wind  Tunnel  Velocity  V^,  =  91  fps) 
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OF  OFF 
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TABLE  III 


DRAG  AMD  STABILITY  CHARACTERISTICS  OF  THE 
RINGSLQT  PARACHUTE  CONFIGURATIONS 
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Wake  Survey  Test  Configurations 
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